The "Pot-in-Pot" System Enhances the Water Stress Tolerance Compared with Above-Ground Pot 133 southeast Spain; they were collected in November 2005 and stored dry at 5 °C. The pots were arranged in a 9  5 configuration, had an inverted pyramid form, and measured 60  30  17 cm (240 cm 3 volume). The plants were transplanted to black PVC pots (cultivation pot) of 2.5 L volume, 16 cm upper external diameter, and 15 cm height. The pots were filled with a mixture of white peat (40%), clay loam soil (30%), and sand (30%) A drip irrigation system was installed, with one dripper per plant (2 L·h -1 ) connected to two spaghetti tubes (one each side of every pot). Local irrigation water (pH 7.2; electric conductivity 1.7 dS m -1 ) was used, containing Ca 2+ (95 mg L -1 ), Mg 2+ (69 mg L -1 ), Na + (145 mg L -1 ), Cl -(232 mg L -1 ), and HCO 3 -(110 mg L -1 ). Both treatments were irrigated between 12:00 and 14:00 h with the same frequency and volume of water. Irrigation frequency was set so that soil matric potential (SMP) reached values of -60 and -80 kPa in AGP. To meet this criterion, irrigation frequency varied according to the season: two irrigations per week in spring and autumn, and three irrigations per week in summer. Irrigation amounts were programmed to obtain leaching of 15% to 20% in AGP, which produced irrigation water volumes between 400 and 700 mL per pot. Greater volumes of water were applied in summer and when the time between irrigations was greater (e.g., after the weekend). The leachate in PIP was not collected.
Experimental design and statistical analysis
The PIP system consisted of placing cultivation pots in pots already buried in the ground. The buried pots were made of black PVC and contained many small drainage holes to ensure drainage (5.5 L volume, 17 cm upper exterior diameter, and 30 cm height). An air chamber of 15 cm separated the bases of both pots. Once the pots were buried in the ground, the plot was covered with a plastic permeable mulch (Horsol 140 g m -2 ; Projar S.A., Valencia, Spain), which was covered with a 4 cm layer of gravel (~2 cm dia.) (Fig. 2) . A total of 220 cultivation pots were placed in 10 rows, 60 cm apart, so that each row had 22 cultivation pots (Picture 1). These were placed 55 cm apart, buried pots (PIP) alternating www.intechopen.com
The "Pot-in-Pot" System Enhances the Water Stress Tolerance Compared with Above-Ground Pot 135 with above-ground pots (AGP). A CR1000 datalogger and an AM16/32 multiplexer (Campbell Scientific, Logan, UT) were installed in the center of the plot connected to eight temperature probes (Termistor 107, Campbell Scientific S.L., Barcelona, Spain) and 16 watermark probes (model 253 Irrometer Company, Riverside, CA). The data were analyzed using a one-way ANOVA. A significance level of ≤5% was accepted. The statistical analysis was performed using Statgraphics Plus 5.1 software (StatPoint Technologies, Warrenton, VA). Picture 1. Experimental plot, pot-in-pot (PIP) and above ground pot (AGP) and datalogger in the center of the plot.
Growth and development
On four occasions during the experiment (March, June, September, and December), the main stem base diameter, plant height and length of main shoots were measured. At the end of the experiment, leaf area and dry weight (DW) of root and shoot was determined in six plants per treatment. The leaf area was determined with a LI-3100C (LI-COR Biosciences, Lincoln, NE). To calculate the DW, shoot and root were introduced in clearly identified envelopes and placed in a natural convection bacteriological stove (model 2002471, JP Selecta SA, Barcelona, Spain) at 60 º C until constant weight was reached. Before introducing the roots in the stove, roots were washed with pressurized water using a hose with flat tip before being introduced in a dryer. Finally, the DW was determined by weighing with a GRAM ST series precision balance (sensitivity of 10 mg and up to 1200 g, Gram Precision SL, Barcelona, Spain). The index shoot DW/root DW (S/R) was determined, separating shoots and roots.
Soil matric potential (SMP) and temperature
The soil matric potential (SMP) was registered using eight watermark probes and four substrate temperature probes per treatment to perform the SMP corrections due to temperature (Thompson et al., 2006) . The devices were connected to the datalogger and multiplexer, which were programmed to register data every minute and to save the hourly mean value. The watermark and temperature probes were installed in random pots, in a southerly orientation and 5 cm deep. SMP was estimated using the equation of Shock et al. (1998) , which is the best way of fitting the studied interval, as described by Thompson et al. (2006) .
Leaf water potential and gas exchange
Leaf water potential (Ψ 1 ) was determined using a pressure chamber (Soil Moisture Equipment Corp; Santa Barbara, Cal.) according to Scholander et al. (1965) . The stomatal conductance (g s ) and net photosynthesis (P n ) were measured using a portable photosynthesis system (LI-6200, Licor, Inc., Lincoln, Neb.). All measurements were taken at midday in six plants per treatment the following months: March, June, September, and December.
Measurements of leaf color and SPAD
The color and SPAD measurements were made for 12 plants of each treatment at the end of experiment. For the determination of both, representative plant leaves were chosen, taken from south-facing mid-height and mature. The color was determined with a shot in the middle of the leaf blade with a Minolta CR10 colorimeter (Konica Minolta Sensing, Inc., Osaka, Japan) that calculated the color coordinates (CIELAB): lightness (L), tone (hue angle, H) and saturation (chrome, C). The SPAD was measured using the same criteria as for color but with a SPAD-502 chlorophyll meter (Konica Minolta Sensing, Inc., Osaka, Japan). For each measurement the average of three shots was determined.
Results and discussion

SMP and plant water relations
The mean monthly environmental temperatures during the experimental period ranged between 10 °C and 27 °C, and DLI ranged between 7 and 38 mol m -2 day -1 (Fig. 1A and 1C ). Mean monthly maximum values were 16 °C to 33 °C and maximum PPFD 680 to 1717 µmol·m -2 ·s -1 , respectively ( Fig. 1A and 1C) , and mean monthly minimum temperatures varied between 6 °C and 21 °C (Fig. 1A) . The registries were nearly the same reported by Miralles et al. (2009) . The mean monthly substrate temperatures in all the experimental months were similar in PIP and AGP, ranging between 17 °C and 31 °C. The AGP system showed higher mean monthly maximum substrate temperatures than PIP (Fig. 3B) , with the thermal differences between both systems around 8 °C. Young and Bachman (1996) and Ruter (1993) described how, on the hottest days of summer, PIP substrates for different species were 2.3 °C and 6 °C lower, respectively, than AGP temperatures. As shown in figure 3B , PIP moderated substrate temperature increases from June to September, preventing mean monthly maximum temperatures >34 °C, unlike in AGP, where 43 °C was reached.
www.intechopen.com Mean monthly minimum substrate temperatures showed the opposite behavior to maximum temperatures (Fig. 3C) , with PIP reaching higher temperatures than AGP. The thermal differences between both systems ranged from 1 °C to 5 °C, although the temperature differences between both systems were lower than the corresponding maximum values. Young and Bachman (1996) and Ruter (1993) found that, on the coolest winter days, PIP substrates were 1.1 °C and 3 °C warmer, respectively, than the corresponding AGP values. This behavior can be explained by the ground effect, which slowed the temperature loss at night. Miralles et al. (2009) confirmed during a one year experiment that PIP significantly moderated low and high substrate temperatures, particularly when temperatures were at their most extreme, as well as London et al. (1998) .
Mean monthly temperatures were similar in both systems (Fig. 3A) because AGP reached higher daily temperatures than PIP but lower temperatures at night the one compensating the other. Mean monthly minimum soil matric potential (SMP) was greater in PIP compared with AGP except in December which became similar (Fig. 3D) . The greater differences were found in summer. The greater water demanding conditions increased water demands in summer in R. alaternus, while in winter due to plant growth stop, these differences in SMP disappeared. Mean monthly maximum SMP were not significantly different between treatments and mean monthly SMP had intermediate values between the minimum and the maximum (data not shown). Miralles et al. (2009) on its previous study with M. communis found a different behavior. In this case no differences were found from the beginning of the experiment (March) to August. In September and October, the mean monthly minimum SMP values were more negative in AGP and no more differences were found until February were PIP showed again higher mean monthly minimum SMP until the end of the experiment in May. The absence of differences the first months were related to low plant growth, and the SMP differences at the end of the experiment were related to the higher water consumption of plants in AGP following growth activation during the winter-spring transition. This may have been caused by higher maximum substrate temperature, together with more developed M. communis in the AGP system. In our experiment, R. alaternus plants grew more than M. communis plants and plants cropped in PIP grew more than AGP plants (Table 1) . However, g s was greater in AGP plants after summer (Fig. 4B) (Fig. 5) , the high number of oscillations in daily minimum SMP is due to greater substrate drying; however, the differences between both systems were barely significant. These low differences in summer SMP between PIP and AGP were explained by greater evaporation because of the higher radiation that the AGP pots received, and the higher transpiration in PIP influenced by higher stomatal conductance. In autumn (Fig. 6 ), when the irrigation frequency was lower, AGP reached more negative SMP values than PIP, possibly because transpiration rates leveled out due to similar stomatal conductance levels. Moreover, after summer, some roots from PIP plants entered the air chamber between the two pots of the PIP system, which may mean that transpired water did not come totally from the substrate, as occurred in AGP (Miralles et al., 2009 ). These differences between PIP and AGP agree with experiments performed by Martin et al. (1999) using Acacia smallii and Cercidium floridum in which AGP needed extra irrigation, as well as programmed irrigation, to keep moisture tensions for all rooting substrates between -0.005 and -0.01 MPa; AGP needed 5.3 L weekly per pot, and PIP needed 3.2 L per pot. In November, December, and January, the mean monthly minimum SMP was similar in both systems, which could be a consequence of lower plant growth due to a decrease in temperature and solar radiation. Daily minimum SMP during a representative winter period (Fig. 7) showed less negative values, which were very similar in both systems, reflecting very low irrigation frequency. These registers showed that AGP reached more negative SMP before PIP, which suggests that PIP has lower irrigation requirements (Miralles et al., 2009 ).
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The "Pot-in-Pot" System Enhances the Water Stress Tolerance Compared with Above-Ground Pot In February, as the temperature began to increase, the mean monthly minimum SMP in AGP became more negative than the corresponding values in PIP, and in spring, with this season's better environmental conditions for plants, these differences increased. This is reflected in the results shown in figure 8 (spring) , where a greater number of SMP variations as a result of increasing water needs can be appreciated. Furthermore, AGP clearly reached more negative values than PIP, whose substrate conditions remained better. Some records in AGP reached SMP < -100 kPa (Fig. 8) , which could have caused water stress. Nevertheless, such values were isolated, and the average leaf water potential, in general terms, pointed to no water stress (Miralles et al, 2009 ). Indeed, in well developed plants, no leaf water potentials under -1.0 MPa were recorded in either system, the values being greater than those recorded for leaf water potential registered in other experiments with M. communis plants subjected to moderate water stress (Vicente et al., 2006) . Fig. 8 . Representative 31-day period for spring, showing daily maximum and minimum substrate temperature in PIP and AGP systems and daily minimum substrate SMP registers in PIP and AGP systems. Error bars are standard errors (n = 4 in temperature, and n = 6 in SMP). For clarity, only every fifth standard error value is shown. (Miralles et al., 2009) At the beginning of cultivation (April) until the beginning of the summer, plants in PIP and AGP showed similar gas exchange values ( Fig. 4A and 4B ), which can explain the lack of difference in growth (Fig. 9) . In autumn, P n was greater in PIP plants and g s in AGP plants ( Fig. 4A and 4B ), while in winter the differences disappeared. The Ψ 1 was not different between both treatments, but lower at the beginning of summer for all plants (Fig. 4C) , so the differences observed in SMP (Fig. 3D ) had no effect on Ψ 1 , perhaps due to SMP were not too negative to produce water stress. Miralles et al. (2009) did not found Ψ 1 differences either, however, they registered SMP < -80 kPa in summer in AGP, so they explained that M. communis could have activated the messages sent by roots, perhaps of a chemical kind, which might have lowered stomatal conductance rates and, as a consequence, led to lower photosynthetic activity. Such behavior probably helped leaf water potential not to fall in these plants. Mendes et al. (2001) found a high sensitivity to stomatic closure in M. communis affected by water deficit. This fact, linked to high solar radiation in this period, could also influence this stomatal conductance behavior. Niinemets et al. (1999) described how stomatic sensitivity was intensified by high solar radiation.
Growth and development
Plant diameter evolution was greater in PIP plants than AGP plants since autumn, but both treatments had the greater diameter growth in summer (Fig. 9A ). This greater diameter produced a final plant DW in this species in PIP (Table 1) . Plant height and length of main shoots evolution in PIP and AGP was similar during the experimental period, increasing from 20 to 70 cm and 20 to 250 cm, respectively ( Fig. 9B and 9C ). Both, reduced their growth rate in autumn. Ruter (1993) observed no differences in shoot production in Lagerstroemia indica x fauriei. However, in Magnolia x soulangiana, the same author found that PIP plants had more shoots than their AGP counterparts. This effect in plant height was also found by Ruter (1993) , although Miralles et al. (2009) reported that the height of PIP M. communis plants grew the same in both crop systems from transplantation in March to January, after which the AGP plants grew in height more than PIP plants until the end of the experiment, when they were 16% taller. In our experiment, due to environmental conditions characterized by hot summers and mild winters ( Fig. 1) , it might be expected that, in summer, PIP plants would present higher growth because of the moderating effect on substrate temperature ( Fig. 3B and 3C ). Such behavior only occurred in plant diameter (Fig. 9A) , while no differences were found in plant height or main shoot length ( Fig. 9B and 9C ). However, Miralles et al. (2009) did not have such effect, perhaps due to the physiological characteristics of M. communis, which rests at high temperatures (Brosse, 1979) . Whatever the case, the influence of PIP on summer growth may depend on the species. For example, during the summer cultivation of A. smallii, Martin et al. (1999) observed that PIP increased plant height by 80% in contrast with AGP, but had no effect on C. floridum. Table 1 shows a greater plant growth in PIP (shoot and root), which resulted in a 39% and 181% extra growth in shoot and roots, respectively, compared with AGP. In L. indica x fauriei and Magnolia x soulangiana, Ruter (1993) observed greater root dry weight (47% and 70%, respectively) when the plants were cultivated in PIP. Later works by the same author showed similar behavior in Magnolia grandiflora (Ruter, 1995) . In A. smallii, Martin et al.
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(1999) found a higher root dry weight in PIP (167 g) compared with AGP (97 g), although no differences for C. floridum. Furthermore, Young and Bachman (1996) The greater root growth in PIP reduced its S/R ratio compared with AGP, an effect also reported by Miralles et al. (2009) . In contrast, Ruter (1993) described that L. indica x fauriei cultivation in PIP caused a substantial increase in the S/R ratio, although Martin et al. (1999) did not observe this difference in A. smalli or C. floridum. It has been suggested that a diminishing shoot/root ratio lowers the relative transpiration capacity, unlike water and nutrient absorption (Bernier et al., 1995) . Mathers (2000) described that slight reductions in the shoot/root ratio gives plants greater water stress resistance during nursery production and transplantation, which accelerates plant establishment in the field (Owings, 2005) . As mentioned by Guarnaschelli et al. (2006) , these effects are more patent in drought conditions, so this change in biomass distribution in plants could improve survival after transplantation. In this study, the greater SMP of PIP plants along the experiment indicate that PIP plants water consumption in the pot was lower than AGP plants, so PIP plants should have lost less water from substrate evaporation, but they must have taken some water from the air chamber between pots, what would justify the large development of roots in it. Miralles et al. (2009) reported that, after two weeks without irrigation at the end of the experiment with M. communis, the PIP system led to 90% plant survival, compared with 62% for AGP (Picture 2), and he pointed that the presence of roots in the air chamber between the two pots could have affected the survival, because relative humidity was very high in this chamber (Fig. 2) .
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The crop system did not affected leaf color and leaf SPAD, however, leaf area was greater in PIP (Table 1) . So, since an aesthetic point of view, plants were quite similar, however those cropped in PIP had more foliage what supposed an advantage in this field. Picture 2. Experimental plot after two weeks without irrigation at the end of the experiment.
Conclusion
The most relevant conclusions of this experiment are four. Firstly, the PIP system used in R. alaternus moderated extreme substrate temperatures. Secondly, PIP maintained a higher substrate SMP, which suggests lower irrigation needs than in AGP. Thirdly, PIP increased plant growth in terms of dry weight (more plant diameter) and also in leaf area (plant height, main shoot length and leaf color were not affected) what increased its aesthetic value. Lastly, the PIP system favored greater root development inside the air chamber between pots, which was translated into a lower shoot/root ratio, favoring taking some water from this chamber what maintained greater SMP in the pot substrate.
